In our previous study carried out in 1994, we found 49 patients with unilateral cleft lip and palate (UCLP) among 51 patients with cleft lip and palate who visited the Department of Orthodontics, Nihon University Dental Hospital at Matsudo. In particular, patients with cross-bite (anterior crossbite) UCLP were predominant, accounting for 21 individuals (41%).
Introduction
According to a study conducted by Imamura et al. [1] and our previous study [2] , the annual number of patients with cleft lip and palate (CLP) who visited Nihon University Dental Hospital at Matsudo before 1985 was less than 10 whereas it reached 10 in 1985 and exceeded this level every year after 1992. Imamura et al. [1] , who investigated 40 Angle class I patients treated at an orthodontics department, found 29 (73%) patients with unilateral cleft lip and palate (UCLP), who represented the largest subpopulation. Among these 29 patient, 12 had anterior cross-bite and 10 had anterior and posterior cross-bite.
Our previous study [2, 3] revealed 49 UCLP patients among 51 CLP patients. Of these 49 patients, those with cross-bite (anterior cross-bite) were predominant, totalling 21 individuals (41%), followed by 9 (18%) with class II cross-bite (anterior cross-bite) and 8 (16%) with malocclusion (anterior normal bite). The remaining patients had bilateral cleft lip and palate or cleft palate with cross-bite (anterior cross-bite) or anterior normal bite. Fig.3 ).
Between the anterior cross-bite UCLP and normal bite non-UCLP groups, differences in six variables, i.e., FH to Occlusal, SNA, FH to NA, Convexity, ANB, and Palatal to Mandibular, were statistically significant at the 1% level, while there was no significant difference in any variable at the 5% level. Although not significant, the two groups showed some differences in the mean values of four other variables: SN to Palatal, SN to Mandibular, Facial angle and Y-axis (Table 4 , Fig.4) .
A comparison between the normal bite non-UCLP and normal bite UCLP groups revealed a significant difference in ANB alone at the 1% level, while no significant difference was found at the 5% level. There were some differences in the mean values of nine variables, i.e., SN to FH, FH to Occlusal, FH to Mandibular, FH to NA, Convexity, SNB SNPog., Y-axis, and Gonial angle, although they were not statistically significant (Table 5 , Fig.5 ).
Denture to Skeletal pattern
In a comparison of the denture to skeletal pattern between the anterior cross-bite UCLP and anterior cross-bite non-UCLP groups, there was a significant difference in five variables: FH to 1, FH to to 1, NP to 1, and NP to 1. There was a significant difference in Mandibular to 1 alone at the 5% level between these two groups ( Table 2 , Fig.2 ).
The anterior cross-bite UCLP and normal bite UCLP groups showed a significant difference in NP to 1 alone at the 1% level. There was a significant difference in FH to 1 and 1 to 1 at the 5% level. There were also some differences in FH to 1 and Mandibular to 1, although they were not significant (Table 3 , Fig.3) .
A comparison between the anterior cross-bite UCLP and normal bite non-UCLP groups revealed a significant difference at the 1% level with regard to six variables: FH to 1, FH to 1, 1 to 1, Mandibular to 1, NP to 1, and NP to 1 (Table 4 , Fig.4) .
The normal bite non-UCLP and normal bite UCLP groups showed no significant difference at the 1% level in any of the variables examined, while there was a significant difference at the 5% level only in FH to 1. Although not significant, there was a difference between the two groups in the mean value of the variable 1 to 1( Table 5 , Fig.5 ).
Discussion
Anterior cross-bite UCLP was the predominant type of malocclusion among all CLP patients aged 7 to 16 years who visited the Department of Orthodontics, Nihon University Dental Hospital at Matsudo, between 1992 and 1994. According to Imamura et al. [1] and other researchers [5] [6] [7] [8] [9] , many patients with cleft lip and palate have anterior cross-bite, showing a particularly high frequency of anterior cross-bite UCLP. Kyo et al. [10] compared the dento-facial morphologies of anterior cross-bite UCLP and non-UCLP patients, and found that the former showed underdevelopment of the upper jaw, a low maxillary lateral aspect, opening of the gonial angle, and lingual tipping of the axes of the maxillary anterior teeth in comparison with normal-bite UCLP and non-UCLP patients. Our data [2] are consistent with these findings and the results reported by Shibazaki [11] , Sekiguchi [12] , Hama [13] and Aduss [14] .
In our study [2, 3] , we compared 21 UCLP patients with anterior cross-bite and 25 non-UCLP patients with anterior cross-bite from a comprehensive viewpoint including the skeletal pattern and the denture to skeletal pattern. The two groups of patients were found to differ morphologically, except for the mesio-distal relationship of the lower jaw, despite the fact that both had anterior cross-bite. The non-UCLP patients had cross-bite of the skeletal pattern, approximating the mean values for normal bite (Table 2 , Fig.2) , whereas the UCLP patients had cross-bite of the concave type accompanied by maxillary underdevelopment (Table 3, Fig.3) .
With regard to the denture to skeletal pattern, there was more marked lingual tipping of the axes of maxillary and mandibular central incisors in the anterior cross-bite UCLP group than in the anterior cross-bite non-UCLP group, consistent with the results reported by other researchers [5] [6] [7] [8] [9] (Figs.6-8) .
The 21 UCLP patients with anterior cross-bite and 8 UCLP patients with normal bite were then compared comprehensively. As mentioned above, the anterior cross-bite UCLP group had cross-bite of the concave type, unlike the anterior cross-bite in the non-UCLP group. There was also a morphological difference between the anterior cross-bite UCLP group and the normal bite UCLP group, the latter showing malocclusion of the convex type (Table 3, Fig.3, Fig.7 ).
Graber [15] and others [5] [6] [7] [8] [9] have reported that the maxilla in CLP patients is located more posterior to the cranial base than in non-CLP patients, with a smaller angle of convexity and an enhanced concave profile. However, in this regard, our data for normal-bite UCLP provide a different view.
In contrast to the reported tendency of maxillary overdevelopment in normal-bite UCLP, Kitamura [16] who observed changes in dento-facial morphology in a female UCLP patient for many years using lateral roentgenographic cephalograms, reported that although the patient did not undergo surgery on the upper lip or palate until maturity, the maxillary lateral aspect was lower, but the SNA greater than in non-UCLP subjects, showing good forward growth of the upper anterior teeth. Mastre et al. [17] , Ortiz-Monasterio et al. [18] , Bishara et al. [19] and Sakuda [20] also reported that many UCLP patients who did not undergo surgery showed no tendency for underdevelopment of the upper anterior teeth, unlike UCLP patients who underwent surgery. In addition, Oyama [21] and Kitamura [16] reported that upper anterior teeth would be stimulated to grow forward via the biting force when normal bite was achieved. The tendency for maxillary overdevelopment found in normal-bite patients in the present study may therefore be explained by the fact that the occlusal state was not reversed, but was normal in the region of the anterior teeth.
However, Kyo et al. [10] , Motohashi et al. [22] and Ross [23] reported that normalization of reversed occlusion by orthodontic treatment did not promote growth of the upper jaw. Further long-term investigation of dento-facial growth will be is necessary before any conclusions can be drawn (Figs.6-8 ).
In terms of the denture to skeletal pattern, lingual tipping of the axes of the upper and lower central incisors was more conspicuous in the anterior cross-bite UCLP group than in the normal-bite UCLP group. Judging from the actual measurements (Tables 2 and 3 , Figs.7 and 8) , the tendency for lingual tipping was strongest in the anterior cross-bite UCLP group, followed in order by the normal-bite UCLP group, anterior cross-bite non-UCLP group and normal-bite non-UCLP group (Fig.7) .
The 21 anterior cross-bite UCLP patients were then compared with 25 non-UCLP malocclusion patients with normal bite, from a comprehensive viewpoint including the skeletal pattern and the denture to skeletal pattern. Excluding the mesio-distal relationship of the lower jaw, these two groups were found to be morphologically different: the former group had cross-bite of the concave type, while all variables except one, Palatal to Mandibular, were within one S.D. of the mean values for normal bite. Thus, although there was malocclusion, the latter group showed a skeletal pattern approximating normal bite (Table 4 , Fig.4 ). In terms of the denture to skeletal pattern, a strong tendency for lingual tipping of the axes of the upper and lower central incisors was found in the anterior crossbite UCLP group, while the normal bite non-UCLP group showed a degree of inclination similar to the mean value for normal bite ( Table 4 , Fig.4) .
Finally, 8 patients with normal-bite UCLP and 25 non-UCLP malocclusion patients with normal bite were compared comprehensively to obtain additional information. In terms of the skeletal pattern, the two groups showed a great difference, particularly in the ANB angle, i.e., the positional relationship of the upper and lower jaws in the region of the anterior teeth. The normal bite UCLP group had a greater mesio-distal difference, showing a tendency toward skeletal class II, while the ANB angle in the normal bite non-UCLP group was similar to that in subjects with normal bite (Table 5 , Fig.5 ).
However, with regard to the overall skeletal pattern, the two groups showed no marked difference. Although a tendency for protrusion of the upper jaw was somewhat more conspicuous in the normal bite UCLP group than in the normal bite non-UCLP group, the two groups showed similar features as a whole (Fig.5) . In terms of the denture to skeletal pattern, these groups of patients showed a great difference in the axis of the upper central incisor. The axis tended to be inclined more to the lingual side in the normal bite UCLP group than in the normal bite non-UCLP group. Although the two groups equally had normal bite, the presence of UCLP, a factor affecting the upper anterior teeth, seems to explain their difference in the angle of inclination of the central incisor axis.
In summary, although UCLP patients with anterior cross-bite had reversed occlusion of the definite concave type, this group was morphologically different from non-UCLP malocclusion patients with normal bite or anterior cross-bite, who often have malalignment of the anterior teeth. Judging from the fact that these normal bite and anterior cross-bite patients showed no maxillary underdevelopment, there must have been some influence on the upper jaw attributable to CLP in the UCLP patients with anterior cross-bite.
On the other hand, UCLP patients with normal bite had bite of the convex type. This suggests that normal occlusion and reversed occlusion of the anterior teeth exert different influences on growth of the upper jaw in UCLP patients. Although there are some reports [10, 22, 23] documenting a lack of stimulated growth after normalization of reversed occlusion, the present results suggest that establishment of normal-bite of the anterior teeth is a significant issue in growth of the upper jaw in patients with CLP. We intend to further examine the possibility that normalization of anterior cross-bite (reversed occlusion) leads to favorable growth of the upper jaw, since this is an important issue in deciding the goal and policy of future orthodontic treatment for patients with CLP.
Conclusions
In the present study, we investigated morphological differences in the skeletal pattern and the denture to skeletal pattern among 25 patients with non-unilateral cleft lip and palate (UCLP) showing anterior cross-bite, 21 UCLP patients with anterior cross-bite, 25 non-UCLP patients with normal bite, and 8 UCLP patients with normal bite, using lateral roentgenographic cephalograms, and reached the following conclusions.
1. The presence of morphological differences in the skeletal pattern and the denture to skeletal pattern, excluding the mesio-distal relationship of the lower jaw, was indicated between the anterior cross-bite UCLP group and the anterior cross-bite non-UCLP group, the normal bite UCLP group, or the normal bite non-UCLP group. 2. The anterior cross-bite UCLP group had cross-bite of the concave type accompanied by underdevelopment of the upper jaw, while the normal bite UCLP group had malocclusion of the convex type. 3. Both the anterior cross-bite UCLP and normal bite UCLP groups showed a tendency for lingual tipping of the upper and lower central incisors. Such a tendency was only slight in the anterior cross-bite non-UCLP group. The normal bite non-UCLP group showed no such tendency. 4. The present results suggest that normalization of reversed occlusion leads to favorable growth of the upper jaw in UCLP patients with anterior cross-bite. Table 3 Anterior cross-bite and normal bite UCLP Table 4 Anterior cross-bite UCLP and normal bite Table 5 Normal bite and normal bite UCLP 
